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Foreword 

This Ethiopian Standard has been prepared under the direction of the Technical Committee for Mill< and Mill< 
Products (TC 25) and published by the Ethiopian Standards Agency (ESA). The standard is identical with ISO 5538 
:2004 Milk and milk products — Sampling — Inspection by attributes published by the International Organization for 
Standardization ISO 2004. 
For the purpose of this Ethiopian Standard, the adopted text shall be modified as follows. 

• The phrase "International Standard" shall be read as "Ethiopian Standard"; and 

• A full stop (.) shall substitute comma (,) as decimal marker. 



ETHIOPIAN STANDARD ES ISO 5538:2012 



Milk and milk products — Sampling — Inspection by attributes 



1 Scope 

1.1 This International Standard specifies sampling plans for the inspection by attributes of milk and milk 
products. It is intended to be used to choose a sample size for any situation where it is required to measure 
the conformity to a specification of a lot of a dairy product by examination of a representative sample. 

1.2 This International Standard is applicable to the sampling of all milk products submitted in discrete lots, 
irrespective of whether the lots are from the same production. The acceptance or otherwise of any lot is a 
matter for the parties to a contract and is outside the scope of this International Standard. 

1.3 This International Standard is intended to be used in all cases where attribute sampling plans are 
required for a dairy product, except that if specific compositional standards, specifications or contracts include 
different sampling schemes, those schemes are to be used. 

1.4 This International Standard is not applicable to sampling for microbiological defects, unless otherwise 
agreed by the interested parties. 

NOTE Methods of sampling for milk and milk products are given in ISO 707. 



2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 2859-1:1999, Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by 
acceptance quality limit (AQL) for lot-by- lot inspection 

ISO 3534-1 , Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms 

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2 and the 
following apply. 

3.1 

acceptance quality limit 

AQL 

quality level that is the worst tolerable process average when a continuing series of lots is submitted for 
acceptance sampling 

[ISO 2859-1 :1 999, definition 3.1 .29] 
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4 Sampling plans 

ISO 2859-1 describes plans for use in all situations, and gives an account of the theoretical background to the 
sampling tables. The plans are indexed by batch or lot size and acceptance quality limit (AQL). 



5 Selection of sampling plan 
5.1 Classification of defects 

5.1.1 General 

Before selection of a sampling plan, the contract or specification shall clearly define all critical, major and 
minor defects in such a way that they are unambiguously understood by all users of the contract, specification 
or document containing or referring to the sampling plan. 

5.1 .2 Critical defect 

This is a defect that would make the product unacceptable. For the purposes of this International Standard, 
critical defects relate to the presence of toxic contaminants at a critically high level. Examples include heavy 
metals and pesticide residues. 

In this case, the method to be adopted shall be that described in Annex B. It is necessary to decide on an 
acceptable risk of not detecting a certain percentage of defectives, where a defective is a unit which contains 
more than the critical level of the contaminant. It is impossible to guarantee freedom from contamination. 

5.1.3 Major defect 

This is a defect that is likely to make the product unfit for use; i.e. in the case of milk and milk products, unfit 
for sale to the consumer. A major defect would result in the product spoiling or becoming unfit for sale or 
processing. Examples include 

a) composition defect, where this would affect keeping quality, 

b) contamination with inhibitory substances, 

c) integrity of packaging, and 

d) visible contamination with dirt. 

Sampling plans for major defects shall be selected from the Tables using an AQL of not more than 6,5 %. 

5.1.4 Minor defect 

This is a failure to comply with a specification, but which does not make the unit unfit for use and sale, nor 
cause it to spoil. Examples include 

a) a unit, the chemical composition or net content of which falls outside, but close to, a specification limit, 
and 

b) small abnormalities in appearance. 

Sampling plans for minor defects shall be selected from Tables 1 to 24 using an AQL of not more than 10%. 
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5.2 Choice of inspection level and AQL 

5.2.1 The sampling plan shall be selected from Tables 1 to 24, using the lot size and the agreed AQL. 

In these Tables, n is the sample size, Ac is the acceptance number, and Re is the rejection number. 

EXAMPLE For a sample size of /?= 13, Ac = and Re = 1, this means that If a sample of 13 units contains no 

defectives, the lot shall be accepted; if the sample contains 1 defective, the lot shall be rejected. 

Tables 1 to 20 are derived from ISO 2859-1 and refer to Inspection Levels I, S-4, S-3, S-2 and S-1 . Inspection 
Level I is preferred. 

Using any of the S plans will result in increased risks, and they shall not be used without first checking that the 
associated risk is acceptable. Details of these risks are given in 5.2.2. 

5.2.2 Inspection Levels S-4, S-3, S-2 and S-1 may be used where relatively small sample sizes are 
necessary and large sample risks may or must be tolerated. As a consequence of using these special levels, 
there is an increased probability of making a wrong decision. First, the consumer's risk increases. This is 
illustrated in Tables 21 to 24. Table 21 refers to plans with an AQL of 2,5 %, Table 22 to an AQL of 4,0 %, 
Table 23 to an AQL of 6,5 % and Table 24 to an AQL of 1 %. 

Each Table contains 

— the sample size (/?) and the appropriate lot size at the separate inspection levels, 

— maximum number of defective units permitted in the sample, i.e. the acceptance number (Ac), 

— minimum number of defective units required in the sample to reject the lot, i.e. the rejection number (Re), 
and 

— the limiting quality (LQ). 

If the sample size is small, the LQ is high; if the sample size increases, the LQ is reduced at the same AQL. 

For example, in Table 6, the inspection plan in which the sample size is 5 and LQ = 45 % appears in all the 
inspection levels but only at S-1 level can all lot sizes be inspected. 

At the S-4 and I Inspection Levels, the sample size of 5 may only be taken when the lot size does not exceed 
150. 

The fact that the consumer's risk (and at the same time the LQ) becomes smaller as the size of the inspected 
lot becomes greater, is justified on economic grounds. 

Inspection plans in which the LQ is several times greater than the AQL are unsuitable for both the consumer 
and producer. If a lot of 35 000 units is considered. Inspection Level I would require a sample size of 125, 
giving an LQ of 11 % (i.e. 95 % of lots containing 11 % of defects would be rejected). S-1 would require a 
sample size of 5, giving an LQ of 45 %. An LQ of 45 % is so much greater than the AQL of 2,5 % that the 
concept of AQL has become meaningless. Furthermore, the sample of 5 would wrongly reject more than 10 % 
of lots containing 2,5 % of defects. 

Increasing the sample size increases both the protection to the consumer, and the discrimination of the 
sampling plan; this increased discrimination is one of the major reasons for relating sample size to lot size. 
Users of this International Standard will find full operating characteristics for each plan in ISO 2859-1; these 
relate the probability of acceptance to percent defective in the lot. 
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6 Records 



Successful operation of this type of sampling plan requires the maintenance of comprehensive records of the 
results of inspection, and the plan in use. Interchange of information between both parties is useful, and it is 
recommended that each party make such information available to the other as required. 



7 Selection of units 

The sampling theory used for the plans in ISO 2859-1 and thus in this International Standard assumes that 
sampling is at random, which means that each unit in the lot should have the same probability of appearing in 
the sample. Every effort shall be made to obtain a random sample. Whenever possible, a formal 
randomization procedure, as described in Annex C, should be used. If this is not done, the risks associated 
with the plans cannot be assumed to be those expected. Formal randomization is not difficult, although it can 
be tedious and time-consuming. 

For Tables 1 to 20, when using reduced inspection, if the acceptance number is exceeded but the rejection 
number is not reached, the consignment should be accepted but inspection should revert to normal inspection. 



Table 1 — Inspection Level 1 — AQL = 2,5 % 




Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 150 


5 1 


8 1 


2 1 


151 to 500 


20 1 2 


32 1 2 


8 2 


501 to 1 200 


32 2 3 


32 1 2 


13 1 3 


1 201 to 3 200 


50 3 4 


50 2 3 


20 1 4 


3 201 to 10 000 


80 5 6 


80 3 4 


32 2 5 


10 001 to 35 000 


125 7 8 


125 5 6 


50 3 6 


35 001 to 150 000 


200 10 11 


200 8 9 


80 5 8 


150 001 to 500 000 


315 14 15 


315 12 13 


125 7 10 


Over 500 000 


500 21 22 


500 18 19 


200 10 13 



Table 2 — Inspection Level 1 — AQL = 4,0 % 




Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 90 


3 1 


5 1 


2 1 


91 to 280 


13 1 2 


20 1 2 


5 2 


281 to 500 


20 2 3 


20 1 2 


8 1 3 


501 to 1 200 


32 3 4 


32 2 3 


13 1 4 


1 201 to 3 200 


50 5 6 


50 3 4 


20 2 5 


3 201 to 10 000 


80 7 8 


80 5 6 


32 3 6 


10 001 to 35 000 


125 10 11 


125 8 9 


50 5 8 


35 001 to 150 000 


200 14 15 


200 12 13 


80 7 10 


Over 150 000 


315 21 22 


315 18 19 


125 10 13 
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Table 3 — Inspection Level 1 — AQL = 6,5 % 




Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 25 


2 1 


3 1 


2 1 


26 to 150 


8 1 2 


13 1 2 


3 2 


151 to 280 


13 2 3 


13 1 2 


5 1 3 


281 to 500 


20 3 4 


20 2 3 


8 1 4 


501 to 1 200 


32 5 6 


32 3 4 


13 2 5 


1 201 to 3 200 


50 7 8 


50 5 6 


20 3 6 


3 201 to 10 000 


80 10 11 


80 8 9 


32 5 8 


10 001 to 35 000 


125 14 15 


125 12 13 


50 7 10 


Over 35 000 


200 21 22 


200 18 19 


80 10 13 



Table 4 — Inspection Level I — AQL = 10 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 90 


5 1 2 


8 1 2 


2 2 


91 to 150 


8 2 3 


8 1 2 


3 1 3 


151 to 280 


13 3 4 


13 2 3 


5 1 4 


281 to 500 


20 5 6 


20 3 4 


8 2 5 


501 to 1 200 


32 7 8 


32 5 6 


13 3 6 


1 201 to 3 200 


50 10 11 


50 8 9 


20 5 8 


3 201 to 10 000 


80 14 15 


80 12 13 


32 7 10 


Over 10 000 


125 21 22 


125 18 19 


50 10 13 



Table 5 — Inspection Level S-4 — AQL = 2,5 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 150 


5 1 


8 1 


2 1 


151 to 1 200 


20 1 2 


32 1 2 


8 2 


1 201 to 10 000 


32 2 3 


32 1 2 


13 1 3 


10 001 to 35 000 


50 3 4 


50 2 3 


20 1 4 


35 001 to 500 000 


80 5 6 


80 3 4 


32 2 5 


Over 500 000 


125 7 8 


125 5 5 


50 3 6 
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Table 6 — Inspection Level S-4 — AQL = 4,0 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 90 


3 1 


5 1 


2 1 


91 to 500 


13 1 2 


20 1 2 


5 2 


501 to 1 200 


20 2 3 


20 1 2 


8 1 3 


1 201 to 10 000 


32 3 4 


32 2 3 


13 1 4 


10 001 to 35 000 


50 5 6 


50 3 4 


20 2 5 


35 001 to 500 000 


80 7 8 


80 5 6 


32 3 6 


Over 500 000 


125 10 11 


125 8 9 


50 5 8 



Table 7 — Inspection Level S-4 — AQL = 6,5 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 25 


2 1 


3 1 


2 1 


26 to 150 


8 1 2 


13 1 2 


3 2 


151 to 500 


13 2 3 


13 1 2 


5 1 3 


501 to 1 200 


20 3 4 


20 2 3 


8 1 4 


1 201 to 10 000 


32 5 6 


32 3 4 


13 2 5 


10 001 to 35 000 


50 7 8 


50 5 6 


20 3 6 


35 001 to 500 000 


80 10 11 


80 8 9 


32 5 8 


Over 500 000 


125 14 15 


125 12 13 


50 7 10 



Table 8 — Inspection Level S-4 — AQL = 10 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 90 


5 1 2 


8 1 2 


2 2 


91 to 150 


8 2 3 


8 1 2 


3 1 3 


151 to 500 


13 3 4 


13 2 3 


5 1 4 


501 to 1 200 


20 5 6 


20 3 4 


8 2 5 


1 201 to 10 000 


32 7 8 


32 5 6 


13 3 6 


10 001 to 35 000 


50 10 11 


50 8 9 


20 5 8 


35 001 to 500 000 


80 14 15 


80 12 13 


32 7 10 


Over 500 000 


125 21 22 


125 18 19 


50 10 13 
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Table 9 — Inspection Level S-3 — AQL = 2,5 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 500 


5 1 


8 1 


2 1 


501 to 35 000 


20 1 2 


32 1 2 


8 2 


35 001 to 500 000 


32 2 3 


32 1 2 


13 1 3 


Over 500 000 


50 3 4 


50 2 3 


20 1 4 



Table 10 — Inspection Level S-3 — AQL = 4,0 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 150 


3 1 


5 1 


2 1 


151 to 3 200 


13 1 2 


20 1 2 


5 2 


3 201 to 35 000 


20 2 3 


20 1 2 


8 1 3 


35 001 to 500 000 


32 3 4 


32 2 3 


13 1 4 


Over 500 000 


50 5 6 


50 3 4 


20 2 5 



Table 11 — Inspection Level S-3 — AQL = 6,5 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 50 


2 1 


3 1 


2 1 


51 to 500 


8 1 2 


13 1 2 


3 2 


501 to 3 200 


13 2 3 


13 1 2 


5 1 3 


3 201 to 35 000 


20 3 4 


20 2 3 


8 1 4 


35 001 to 500 000 


32 5 6 


32 3 4 


13 2 5 


Over 500 000 


50 7 8 


50 5 6 


20 3 6 



Table 12 — Inspection Level S-3 — AQL = 10 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 150 


5 1 2 


8 1 2 


2 2 


151 to 500 


8 2 3 


8 1 2 


3 1 3 


501 to 3 200 


13 3 4 


13 2 3 


5 1 4 


3 201 to 35 000 


20 5 6 


20 3 4 


8 2 5 


35 001 to 500 000 


32 7 8 


32 5 6 


13 3 6 


Over 500 000 


50 10 11 


50 8 9 


20 5 8 
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Table 13 — Inspection Level S-2 — AQL = 2,5 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 35 000 
Over 35 000 


5 1 
20 1 2 


8 1 
32 1 2 


2 1 
8 2 



Table 14 — Inspection Level S-2 — AQL = 4,0 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


/? Ac Re 


/? Ac Re 


Up to 1 200 
Over 1 200 


3 1 
13 1 2 


5 1 
20 1 2 


2 1 
5 2 



Table 15 — Inspection Level S-2 — AQL = 6,5 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


/? Ac Re 


Up to 150 


2 1 


3 1 


2 1 


151 to 35 000 


8 1 2 


13 1 2 


3 2 


Over 35 000 


13 2 3 


13 1 2 


5 1 3 



Table 16 — Inspection Level S-2 — AQL = 10 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


/? Ac Re 


Up to 1 200 


5 1 1 


8 1 2 


2 2 


1 201 to 35 000 


8 2 3 


8 1 2 


3 1 3 


Over 35 000 


13 32 4 


13 2 3 


5 1 4 





Table 17 — Inspection Level S-1 — AQL = 2,5 % 




Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


All lot sizes 


5 1 


8 1 


2 1 



8 
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Table 18 — Inspection Level S-1 — AQL = 4,0 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 35 000 
Over 35 000 


3 1 
13 1 2 


5 1 
20 1 2 


2 1 
5 2 





Table 19 — Inspection Level S-1 = AQL = 6,5 % 




Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


/7 Ac Re 


Up to 500 
Over 500 


2 1 
8 1 2 


3 1 
13 1 2 


2 1 

3 2 



Table 20 — Inspection Level S-1 — AQL = 10 % 



Lot size 


Normal inspection 


Tightened inspection 


Reduced inspection 


n Ac Re 


n Ac Re 


n Ac Re 


Up to 35 000 
Over 35 000 


5 1 2 
8 2 3 


8 1 2 
8 1 2 


2 2 

3 1 3 











Table 21 


— Single sampling plans at AQL 


= 2,5 % 




n 


Ac 


Re 


(%) 


Lot size (units) for inspection levels shown 


S-1 


S-2 


S-3 


S-4 


1 


5 





1 


45 


All lot sizes 


Up to 35 000 


Up to 500 


Up to 150 


Up to 150 


20 


1 


2 


22 




Over 35 000 


501 to 35 000 


151 to 1 200 


151 to 500 


32 


2 


3 


18 






35 001 to 500 000 


1 201 to 10 000 


501 to 1 200 


50 


3 


4 


15 






Over 500 000 


10 001 to 35 000 


1 201 to 3 200 


80 


5 


6 


13 








35 001 to 500 000 


3 201 to 10 000 


125 


7 


8 


11 








Over 500 000 


10 001 to 35 000 


200 


10 


11 


8,5 










35 001 to 150 000 


315 


14 


15 


7,0 










150 001 to 500 000 


500 


21 


22 


6,1 










Over 500 000 


^ Limitinc 


3 quality (see 


5.2.2). 
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Table 22 


— Single sampling plans at AQL = 


= 4,0 % 




n 


Ac 


Re 


LQa 
(%) 




Lot size (i 


jnits) for inspection levels shown 




S-1 


S-2 


S-3 


S-4 


1 


3 





1 


63 


Up to 35 000 


Up to 1 200 


Up to 150 


Up to 90 


Up to 90 


13 


1 


2 


32 


Over 35 000 


Over 1 200 


151 to 3 200 


91 to 500 


91 to 280 


20 


2 


3 


28 






3 201 to 35 000 


501 to 1 200 


281 to 500 


32 


3 


4 


23 






35 001 to 500 000 


1 201 to 10 000 


501 to 1 200 


50 


5 


6 


20 






Over 500 000 


10 001 to 35 000 


1 201 to 3 200 


80 


7 


8 


16 








35 001 to 500 000 


3 201 to 10 000 


125 


10 


11 


14 








Over 500 000 


10 001 to 35 000 


200 


14 


15 


11 










35 001 to 150 000 


315 


21 


22 


9,6 










Over 150 000 


^ Limitin 


g qual 


ty (se 


3 5.2.2). 



















Table 23 


— Single sampling plans at AQL = 


= 6,5 % 




n 


Ac 


Re 


(%) 


Lot size (units) for inspection levels shown 


S-1 


S-2 


S-3 


S-4 


1 


2 





1 


78 


Up to 500 


Up to 150 


Up to 50 


Up to 25 


Up to 25 


8 


1 


2 


47 


Over 500 


151 to 35 000 


51 to 500 


26 to 150 


26 to 150 


13 


2 


3 


41 




Over 35 000 


501 to 3 200 


151 to 500 


151 to 280 


20 


4 


5 


34 






3 201 to 35 000 


501 to 1 200 


281 to 500 


32 


5 


6 


30 






35 001 to 500 000 


1 201 to 10 000 


501 to 1 200 


50 


7 


8 


25 






Over 500 000 


10 001 to 35 000 


1 201 to 3 200 


80 


10 


11 


20 








35 001 to 500 000 


3 201 to 10 000 


125 


14 


15 


18 








Over 500 000 


10 001 to 35 000 


200 


21 


22 


15 










Over 35 000 


^ Limitin 


g qual 


ty (se 


3 5.2.2). 

















Table 24 


— Single sampling plans at AQL 


= 10% 




n 


Ac 


Re 


LQ^ 
(%) 


Lot size (units) for inspection levels shown 


S-1 


S-2 


S-3 


S-4 


1 


5 


1 


2 


66 


Up to 35 000 


Up to 1 200 


Up to 150 


Up to 90 


Up to 90 


8 


2 


3 


60 


Over 35 000 


1 201 to 35 000 


151 to 500 


91 to 150 


916 to 150 


13 


3 


4 


50 




Over 35 000 


501 to 3 200 


151 to 500 


151 o280 


20 


5 


6 


46 






3 201 to 35 000 


501 to 1 200 


281 00 500 


32 


7 


8 


37 






35 001 to 500 000 


1 201 to 10 000 


501 1 200 


50 


10 


11 


32 






Over 500 000 


10 001 to 35 000 


1 201 O3 200 


80 


14 


15 


26 








35 001 to 500 000 


3 201 10 000 


125 


21 


22 


24 








Over 500 000 


Over 10 000 


^ Limitin 


g qual 


ty (see 


3 5.2.2). 









10 



©ESA 



ES ISO 5538:2012 



Annex A 

(normative) 

Statistical theory 



A.1 The sampling plans included in ISO 2859-1, from which these plans are drawn, are based on either 
Poisson or binomial distribution theory. 

Binomial distribution is used for the smaller sizes, and Poisson distribution for those schemes where this 
distribution is an adequate approximation to the binomial. ISO 2859-1 gives more details. 

A.2 It is only necessary to satisfy two requirements in order to use the sampling theory. Firstly, an individual 
unit can only be -good" or -defective" as defined in the Introduction. Secondly, the sample must be drawn at 
random as defined in ISO 2859-1:1999, Clause 8. It is not necessary to make any assumptions about the 
distribution of defectives within the lot. 



©ESA 1 1 



ES ISO 5538:2012 



Annex B 

(normative) 

Critical defects 



Critical defects form a special category. It is impossible to choose any value of percent defective for these 
defects and say: — fTis percentage of defectives is tolerable." 

The solution generally adopted, where non-destructive inspection is involved, is to lay down that critical 
features are to be inspected using a sample size equal to the lot size and an acceptance number of zero. This 
is 100 % inspection, but it should be noted that it is not the traditional 100 % sorting. Here there is no attempt 
to sort the articles into the good and the bad, but an attempt to check that there are no bad ones. If a critical 
defective is found, this does not merely mean that it is put into a different box and the inspection continues; it 
means that the whole lot is rejected (although rejection does not necessarily mean scrapping). 

Whenever possible, it should also mean that production is stopped while a thorough investigation takes place 
to attempt to discover how the defect arose and to devise methods to prevent another occurrence. The reason 
for this procedure is to try to prevent the production of critical defectives and to avoid giving the manufacturer 
the impression that, since the inspector will sort them out for him, it will not matter too much if he produces 
some. Even the best inspector may occasionally fail to notice a defect, so it is only by preventing critical 
defectives from being made that it can be ensured that none will get through to the customer. 

If it is ever thought that any particular critical defect does not warrant this procedure, then serious 
consideration should be given to having it reclassified as a major defect. Critical defects really must be critical, 
then no amount of effort is too great. 

According to the definition of a critical defect (see 5.1.2), this classification should be used for a defect that is 
likely to cause hazardous or unsafe conditions for individuals using, maintaining, or depending upon the 
product. 

The wording -is likely to" is important. There is sometimes a tendency to replace these words by -eould 
possibly" and hence to classify everything as critical, since it is always possible to make up a story in which 
some trivial happening at the beginning leads to catastrophe at the end. 

If this approach is adopted, the main result is to devalue the critical classification, and the genuine critical 
defects may not be treated as severely as they should be. 

The critical classification is also available for a defect that is likely to prevent performance of the practical 
function of a major end item. Again, the italicized words are important if the critical classification is not to be 
devalued. 

Where the only possible inspection for critical defects is destructive, the search for ways of preventing them 
from ever being made at all is even more important. In this case, we cannot have a sample which is 100 % of 
the lot, and it is necessary to decide what sample should be taken for inspection for critical defects. This can 
be done using a simple formula connecting the percent defective for which, if it were present, we would wish 
to be almost certain of finding at least one defective in the sample, the sample size, and the risk we are 
prepared to take of failing to find a defective. 

The formula is 

F 

n = — 

D 
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where 

n is the sample size; 

F is a factor depending upon the risl<; 

D is the percent defective it is wished to detect if present. 
The factor f depends upon the risl< of failing to find a defective in the sample, as follows: 



Risk 


Factor^ 


1 in 10 






230,26 




1 in 100 






460,52 




1 in 1 000 






690,78 




1 in 10 000 






921,04 




1 in 100 000 






1 151,30 




1 in 1 000 000 






1 381,56 




^ The factor of other values 


of the risk, 


if required, can be 


calculated as 


230,26 


( 1 1 
\^ risky 











As found from this formula, the sample size will often not be as whole number. It is best to round up to the 
next higher whole number, rather than round to the nearest whole number. 

The acceptance number is, of course, always zero in tliis context. 

This formula is accurate only for small values of percent defective, say, not greater than 10, but this is not 
disadvantageous since it is never needed to consider high values of percent defective for critical defects 
anyway. 

If the formula were used for, say, 20 % or 50 % defective, it would over-estimate the sample size needed. 

EXAMPLE For a certain product, inspection for critical defects is destructive, and it is decided that if a lot were to 

contain as many as 2 % of critical defectives, a risk of only 1 in 10 000 should be taken of failing to find a defective in the 
sample. 

The formula gives: 

921,04 _„^^ 

n= ■ — = 460,52 

2 

The sampling plan for criticals is: 

sample size: 461 

acceptance number: defective 

rejection number: 1 defective 

An alternative plan for critical defects, where the defect is something that can be measured rather than a pure 
attribute, is to sample with a safety margin. Thus, if the minimum allowable breaking load for some component 
were 2 000 kg, it might be possible, instead of saying that the limit was 2 000 kg and the defect was critical, to 
say that the limit was 2 500 kg and the defect was major. Just where the limits should be set, and what plan is 
allowable, depends upon some past knowledge of the amount of variability observed in the strength of the 
components in question. When this approach is possible, it can give much more satisfactory results for all 
concerned than seeking for critical defectives (and hoping that there are none present) can do. 
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Annex C 

(informative) 

Drawing of samples 



In acceptance sampling, a lot is sentenced on the quality of sample. If this is to be a rational procedure, it is 
obviously important that the sample should be representative of the lot, and not a biased sample in any way. 
Some inspectors pride themselves on their ability, given a lot from which to draw a sample, to pick all the bad 
ones. If the purpose is to demonstrate that there are some bad ones, or to improve the lot by rejecting the bad 
ones found, then this ability is a desirable characteristic. But it is not what is required here. For a correct 
sentencing of the lot, it is desired that the sample be of the same quality as the lot — neither better nor worse. 

There is no known way of ensuring that the sample is just the same quality as the lot, unless the quality of the 
lot is already known, in which case there would be no need to draw a sample to sentence it. There are, 
however, sampling methods which give unbiased samples in the sense that, although some samples will be 
worse and some better than their lots, on the average they will be just right and only the inevitable variability of 
sampling will lead to discrepancies. Furthermore, these methods allow one to calculate the variability of the 
sample in relation to the quality of the lot, and it is upon these calculations that the drawing of operating 
characteristic curves depends. 

Such a method is simple random sampling: all possible samples of the required size have an equal chance of 
being the sample drawn. Tables 1 to 24, describing the sampling plans, presume that the samples (single, 
double or multiple) are drawn following this method. It is very important that this is in fact the case. 

EXAMPLE Suppose the lot size is 4, and the sample size is 2. If each item in the lot is given a letter of the alphabet 

as its — ame", the lot consists of the 4 items A, B, C and D. There are 6 possible ways of making up the sample size of 2. 

These are: 

A and B 

or A and C 

or A and D 

or B and C 

or B and D 

or C and D 

For simple random sampling, each of these 6 possibilities must be given an equal chance. In this particular case, an 
ordinary six-sided dice could be thrown to choose A and B if the dice showed one pip, but A and C if it showed 2 pips, and 
so on. 

In this example, the problem of simple random sampling is relatively easily solved, since the numbers involved 
were deliberately chosen to be very small, leading to only 6 possibilities for the sample. But it is clear that 
number of possibilities very rapidly increases as lot size and sample size increase. For instance, for a sample 
of 5 from a lot of 20, there are 15 504 possibilities; for a sample of 7 from a lot of 30, there are over 2 million 
possibilities; for a sample of 10 from a lot of 50, there are over 10 000 million; and these are still fairly small 
sample sizes and lot sizes. It is clear therefore that simple random sampling, with lot sizes and sample sizes 
such as those most often used in practice, is not easy, but an attempt must be made to make as nearly a 
random a choice as possible. 

The one really vital requirement is that the entire lot must be presented to the inspector for him to draw the 
sample. Cases have been heard of where a manufacturer has offered an inspector a ready-made sample 
while keeping back the rest of the lot, and cases even where a manufacturer has offered the sample as soon 
as the number of articles in the sample size had been made, informing the inspector that the remainder of the 
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lot would not be manufactured until the sampling results were known. Clearly, in such circumstances there is 
no reason to suppose that the sample is in any way representative of the lot, and no lot should ever be 
sentenced on the basis of such a sample. 

It should be made clear that this does not prohibit the submission of a pre-production sample. It is quite 
common and reasonable for the manufacturer to submit, or be required to submit, a sample before bulk 
production starts, for approval of the article he is intending to procedure. 

This is not the same thing as the submission of a sample for acceptance or rejection of a lot. 

Sometimes it is possible to give each article in the lot a number, either physically by writing the number on it or 
beside it, or mentally by some device such as noting that -Article No. 124" means ^1-st row, 2nd box, 4th article 
inside the box". If this can be done, it is then possible to draw a random sample by using a table of random 
numbers. Examples of such a table are given as Tables C.1 to C.4. 

EXAMPLE A sample size of 8 is to be drawn from a lot of 5 000. The articles in the lot are labelled with numbers 

from 1 to 5 000, and starting at the top of the first column of Table C.I, the articles to be drawn for the samples are 
numbers 110,4 148, 2 403, 1 828, 2 267, 2 985,4 313 and 4 691 (the numbers 5 327, 5 373, 9 244, etc. are ignored since 
corresponding articles would not be found in the lot). 

Three points should be noted with regard to the use of a table of random sampling numbers, as follows. 

a) It is not correct always to start at the top of the first column. For each sample to be drawn, the best 
procedure is to start from where the previous sample finished and thus work through the table. 

b) It is permissible, having worked through the table, to return to the beginning and work through again, but 
it is better, if possible, to proceed to a new table rather than to repeat the old one. 

c) There is no need to read the numbers as having 4 figures. If the lot size were 1 000 or less, the first 
3 figures would be adequate, and would be read as 11, 532, 537, etc. Sometimes 2 figures are enough, 
sometimes more than 4 are required. As many or as few as desired may be combined. 

There is nothing difficult about the use of random numbers, provided that the articles can be numbered, but it 
is often argued that their use is not worth the trouble, and an intuitively random sample is as good. In many 
cases this may be true, but the intuitively random sample is often very far from being random in fact. For 
example, people drawing items supposedly at random from a box will usually draw too many from the middle 
and the corners will not be adequately represented. When it is pointed out that they are taking too few from 
the corners, they will then often start to take too many from the corners. The simple randomness of giving 
every combination an equal chance is very elusive, and the extra trouble of using random numbers where 
possible is undoubtedly worthwhile. 

It should be recognized, however, that the use of random numbers is not always easy. If the lot consists of a 
large box of small articles, it may be quite impracticable to give each one a number. In such circumstances, 
intuitively random sampling is probably all that can be done, but if intuition is modified by knowledge of what 
would be done if it were possible, this will help to obtain better results. 

Knowing that every possible combination must have an equal chance makes it clear at once that the articles 
must be taken out of the box to make them all equally available before the sample is drawn, and also that any 
apparent quality of the articles should be ignored. There must not be deliberate choosing of articles which 
appear good or bad. 

There is one alternative to simple random sampling which is allowable, indeed desirable, where appropriate, 
and it may be used whether or not random numbers are used. 

This alternative is known as stratified sampling (also referred to as -representative sampling"). This is 
appropriate whenever a lot can be split into sub-lots according to some logical criterion. Note that the criterion 
must be a logical one; splitting into sub-lots at random will not help. The sample is drawn by taking a sub- 
sample from each sub-lot proportional in size to the size of the sub-lot. The sub-samples must be drawn at 
random from within the sub-lot (using random numbers, if possible) and finally the sub-samples are combined 
to make up the complete sample before inspection. However, see ISO 2859-1 for a warning about difficulties 
that may arise if 2 or more sources of supply are mixed. 
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EXAMPLE A sample of 125 is to be drawn from a lot which has been delivered in 2 boxes, half the lot being in each 

box. It is decided to make each box a sub-lot. A sample of 62 is drawn from one box and of 63 from the other, these 2 
samples being combined to form the required sample of 125. (The box to supply the one extra unit should preferably be 
chosen at random.) 

If, instead of each box containing half the lot, one box had contained 2/3 and the other 1/3, then 83 would have been 
drawn from the first box and 42 from the second, as being the nearest whole numbers to 2/3 and 1/3 of 125. 

When using double or multiple sampling, it is occasionally convenient to draw the first sample at random and 
inspect it, then draw the second sample if required, and so on. 

In this case, the random sampling techniques are as described above, and no extra difficulty arises. But 
sometimes it is more convenient to draw at once the maximum sample that might be required and divide it into 
first sample, second sample, etc., before inspection. In this case, it is most important that, in addition to 
drawing a sample at random from the lot to make up the maximum sample, the first, second, etc., samples be 
drawn at random from the maximum sample. It is particularly important to remember this point when stratified 
sampling is used; it would be quite wrong for instance to allow all the first sample to come from the same 
sub-lot. 

Table C.1 — Random sampling numbers (part 1) 



110 


9 140 


2 804 


8 046 


7 142 


6 277 


6210 


8 627 


3 209 


6 845 


5 327 


3 946 


6 289 


6 117 


60 


2 827 


6 546 


2 738 


8 760 


6 604 


5 373 


8 259 


4 956 


8 185 


135 


8 640 


7410 


6 335 


831 


2 774 


9 244 


9 452 


8 324 


8 062 


9 817 


9 853 


7419 


9 559 


4 264 


6919 


4 148 


3 948 


5 399 


8 687 


3 568 


4 046 


4 558 


705 


5 075 


4 440 


2 403 


4 351 


8 240 


3 554 


3 568 


4 701 


7 494 


6 036 


7 735 


4 082 


1 828 


1 956 


1 646 


1 370 


9 096 


738 


8015 


513 


6 969 


949 


7 249 


9 634 


4 263 


4 345 


567 


1 272 


5 302 


3 352 


7 389 


9 976 


7 116 


9 731 


2 195 


3 265 


9 542 


2 808 


1 720 


4 832 


2 553 


7 425 


6 659 


8 200 


4 135 


6 116 


3019 


6 223 


7 323 


965 


8 105 


4 394 


2 267 


362 


5 242 


261 


7 990 


8 886 


375 


7 577 


8 422 


5 230 


9 460 


9 813 


8 325 


6 031 


1 102 


2 825 


4 899 


1 599 


1 199 


909 


2 985 


3 541 


6 445 


7 981 


8 796 


9 480 


2 409 


9 456 


7 725 


183 


4 313 


666 


2 179 


1 031 


7 804 


8 075 


8 187 


6 575 


65 


2 170 


6 930 


5 368 


4 520 


7 727 


2 536 


4 166 


7 653 


448 


2 560 


4 795 


8 910 


3 585 


5 655 


1 904 


681 


6310 


568 


3 718 


3 537 


8 858 


8 439 


1 052 


5 883 


9 283 


1 053 


5 667 


572 


611 


100 


5 190 


4 691 


6 787 


4 107 


5 073 


8 503 


6 875 


7 525 


8 894 


7 426 


212 


1 034 


1 157 


5 888 


213 


2 430 


7 397 


7 204 


6 893 


7 017 


7 038 


7 472 


4 581 


3 837 


8 961 


7 931 


6 351 


1 727 


9 793 


2 142 


816 


2 950 


7419 


6 874 


1 128 


5 108 


7 643 


7 335 


5 303 


2 703 


8 793 


1 312 


7 297 


3 848 


4 767 


5 386 


7 361 


2 079 


3 197 


8 904 


4 332 


8 734 


4 921 


6 201 


5 057 


9 228 


9 938 


5 104 


6 662 


1 617 


2 323 


2 907 


737 


8 496 


7 509 


9 304 


7 112 


5 528 


2 390 


7 736 


475 


1294 


4 883 


2 536 


2 351 


5 860 


344 


2 595 


4 880 


5 167 


5 370 
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Table C.2 — Random sampling numbers (part 2) 






430 


5 819 


7 017 


4 512 


8 081 


9 198 


9 786 


7 388 


704 


138 


5 632 


752 


8 287 


8 178 


8 552 


2 264 


658 


2 336 


4 912 


4 268 


7 960 


67 


7 837 


9 890 


4 490 


1 619 


6 766 


6 148 


370 


8 322 


5 138 


6 660 


7 759 


9 633 


924 


1 094 


5 103 


1 371 


2 874 


5 400 


8615 


7 292 


1 010 


9 987 


2 993 


5 116 


7 876 


7215 


9 714 


3 906 


4 968 


8 420 


5 016 


1 391 


8711 


4 118 


3 881 


9 840 


5 843 


751 


9 228 


3 232 


5 804 


8 004 


773 


7 886 


146 


2 400 


6 957 


8 968 


9 657 


9617 


1 033 


469 


3 564 


3 799 


2 784 


3815 


3611 


8 362 


9 270 


5 743 


8 129 


8 655 


4 769 


2 900 


6 421 


2 788 


4 858 


5 335 


8 206 


3 008 


7 396 


240 


524 


3 384 


6 518 


4 268 


5 988 


9 096 


1 562 


7 953 


607 


6 254 


132 


3 860 


6 630 


2 865 


9 750 


9 397 


1 528 


4 342 


5 173 


3 322 


26 


7 513 


1 743 


1 299 


1 340 


6 470 


5 697 


9 273 


8 609 


8 442 


1 780 


1 961 


7 221 


5 630 


8 036 


4 029 


3 186 


656 


3 248 


341 


9 308 


9 853 


5 129 


3 956 


4 717 


7 594 


3 275 


7 697 


1 415 


5 573 


9 661 


16 


4 090 


2 384 


7 698 


4 588 


7 931 


1 949 


1 739 


3 437 


6 157 


2 128 


6 026 


2 268 


5 247 


2 987 


5 956 


2 912 


2 698 


5 721 


1 703 


2 321 


8 880 


3 288 


7 420 


2 121 


1 866 


7 901 


4 279 


4715 


9 741 


2 674 


7 148 


8 392 


2 497 


8 018 


2 673 


7 071 


4 948 


8 100 


7 842 


8 208 


3 256 


3217 


8 331 


7 256 


7 824 


5 427 


957 


6 076 


2 914 


336 


3 466 


631 


5 249 


7 289 


2 251 


864 


373 


7 808 


1 256 


1 144 


4 152 


8 262 


4 998 


3 315 


7 661 


8 813 


5 810 


2612 


3 237 


2 829 


3 133 


4 833 


7 826 


1 897 


6 651 


6 718 


1 088 


2 972 


673 


8 440 


3 154 


6 962 


199 


2 604 


2917 


4 989 


9 207 


4 484 


916 


9 129 


6 517 


889 


137 


9 055 


5 970 


3 582 


2 346 


8 356 


780 


4 899 


7 204 


1 042 


8 795 


2 435 
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Table C.3 — Random sampling numbers (part 3) 



1 564 


8 048 


6 359 


8 802 


2 860 


3 546 


3 117 


7 357 


9 945 


5 739 


6 022 


9 676 


5 768 


3 388 


9 918 


8 897 


1 119 


9 441 


8 934 


8 555 


8418 


9 906 


19 


550 


4 223 


5 586 


4 842 


8 786 


855 


5 650 


5 948 


1 652 


2 545 


3 981 


2 102 


3 523 


7419 


2 359 


381 


8 457 


6 945 


3 629 


7 351 


3 502 


1 760 


550 


8 874 


4 599 


7 809 


9 474 


370 


1 165 


8 035 


4415 


9 812 


4 312 


3 524 


1 382 


4 732 


2 303 


6 702 


6 457 


2 270 


8611 


8 479 


1 419 


835 


1 866 


1 307 


4211 


3 740 


4 722 


3 002 


8 020 


182 


4 451 


9 389 


1 730 


3 394 


7 094 


3 833 


3 356 


9 025 


5 749 


4 780 


6 042 


3 829 


8 458 


1 339 


6 948 


8 683 


7 947 


4719 


9 403 


7 863 


701 


9 245 


5 960 


9 257 


2 588 


6 794 


1 732 


4 809 


9 473 


5 893 


1 154 


67 


899 


1 184 


8 630 


5 054 


1 532 


9 498 


7 702 


544 


87 


9 602 


6 259 


3 807 


7 276 


1 733 


6 560 


9 758 


8 586 


3 253 


2 532 


6 668 


2 888 


1 404 


3 887 


6 609 


6 263 


9 160 


600 


4 304 


2 784 


1 089 


7 321 


5618 


6 172 


3 970 


7 716 


8 807 


6 123 


3 748 


1 036 


516 


607 


2 710 


3 700 


9 504 


2 769 


534 


758 


9 824 


9 536 


7 825 


2 985 


3 824 


3 449 


668 


9 636 


6 001 


9 372 


8 746 


1 579 


6 102 


7 990 


4 526 


3 429 


4 364 


606 


4 355 


2 395 


2 070 


8915 


8 461 


9 820 


6811 


5 873 


8 875 


3 041 


7 183 


2 261 


7210 


6 072 


7 128 


825 


8 281 


6815 


4 521 


3 391 


6 695 


5 986 


2416 


7 979 


8 106 


7 759 


6 379 


2 101 


5 066 


1 454 


9 642 


8 675 


8 767 


582 


410 


5 515 


2 697 


1 575 


9 138 


5 003 


8 633 


2 670 


7 575 


4 021 


391 


118 


9 493 


2 291 


975 


1 836 


7 629 


5 136 


7 824 


3 916 


542 


2 614 


6 567 


3015 


1 049 


9 925 


3 408 


3 029 


7 244 


1 766 


1 013 


221 


8 492 


3 801 


682 


1 343 


7 454 


8 600 


8 598 


9 953 


5 773 


6 482 


4 439 


6 708 
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Table C.4 — Random sampling numbers (part 4) 






263 


4 909 


9 832 


627 


1 155 


4 007 


446 


6 988 


4 699 


1 740 


2 733 


3 398 


7 630 


3 824 


734 


7 736 


8 465 


849 


459 


8 733 


1 441 


2 684 


1 116 


758 


5411 


3 365 


4 489 


6 241 


6413 


3615 


5 014 


5 616 


1 721 


8 772 


4 605 


388 


1 399 


5 993 


7 459 


4 445 


3 745 


5 956 


5 512 


8 577 


4 178 


31 


3 090 


2 296 


124 


5 896 


8 384 


8 727 


5 567 


5 881 


3 721 


1 896 


3 758 


7 236 


6 860 


1 740 


9 944 


8 361 


7 050 


8 783 


3815 


9 768 


3 247 


1 706 


9 355 


3 510 


3 045 


2 466 


6 640 


6 804 


1 704 


8 665 


2 539 


2 320 


9 831 


9 442 


5 939 


5 741 


7210 


872 


3 279 


3 177 


6 021 


2 045 


163 


3 706 


4 294 


1 777 


5 386 


7 182 


7 238 


8 408 


7 674 


1 719 


9 068 


9 921 


3 787 


2 516 


2 661 


6711 


9 240 


5 994 


3 068 


5 524 


932 


5 520 


4 764 


2 339 


4 541 


5415 


6 314 


7 979 


3 634 


5 320 


5 400 


6 714 


292 


9 574 


285 


4 230 


2 283 


5 232 


8 830 


5 662 


6 404 


2 514 


7 876 


1 662 


2 627 


940 


7 836 


3 741 


3217 


8 824 


7 393 


7 306 


3 490 


3 071 


2 967 


4 922 


3 658 


4 333 


6 452 


9 149 


4 420 


6 091 


3 670 


8 960 


6 477 


3 671 


9318 


1 317 


6 355 


4 982 


6 815 


814 


3 665 


2 367 


8 144 


9 663 


990 


6 155 


4 520 


294 


7 504 


223 


3 792 


557 


8 489 


8 446 


8 082 


1 122 


1 181 


8 142 


7 119 


3 200 


2618 


2 204 


9 433 


2 527 


5 744 


9 330 


721 


8 866 


3 695 


1 081 


8 972 


8 829 


962 


5 597 


8 834 


5 857 


9 800 


7 375 


9 209 


630 


7 305 


8 852 


1 688 


3 571 


3 393 


2 990 


9 488 


8 883 


2 476 


9 136 


1 794 


4 551 


1 262 


4 845 


4 039 


7 760 


1 565 


4 745 


1 178 


8 370 


3 179 


1 304 


7 767 


4 769 


7 373 


5 195 


5 013 


6 894 


5 734 


5 852 


2 930 


3 828 


7 172 


3 188 


7 487 


2 191 


1 225 


7 770 


3 999 


6 


8418 


9 627 


7 948 


6 243 


1 176 


9 393 


2 252 


377 


9 798 


8 648 
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More Information ? 
Contact us at the following address. 

The Head Office of ESA is at Addis Ababa. 

Son- 646 06 85, Oil- 646 05 65 
t^ 011-646 08 80 
BI2310 Addis Ababa, Ethiopia 
E-mail: info@ethiostandards. org. 
Website: www.ethiostandards.org 
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